Utilização de protozoários, rotíferos e nematódeos como alimento vivo para camarões cultivados no sistema BFT O Meio de Cultivo de Protozoários e Nematódeos -PNCM, possibilita a produção de microrganismos de forma barata para a utilização como alimento vivo em cultivos de camarões marinhos. Ciliados produzidos no PNCM foram testados como alimento vivo para pós-larvas de camarões em um experimento com quatro tratamentos: (BFT) somente bioflocos; (BFT 10) 10 mL de PNCM adicionado ao biofloco; (BFT 100) 100 mL de PNCM adicionado ao biofloco; BFT 1000) 1000 mL de PNCM adicionado ao biofloco. Os microrganismos foram analisados nas fases inicial, intermediária e final do experimento, realizado durante 30 dias. A análise do conteúdo estomacal dos camarões indicou a predação dos ciliados pelas pós-larvas. Na maioria dos tratamentos, o período inicial foi marcado pelo incremento dos flagelados, a fase intermediária foi marcada pela redução na abundância de ciliados, a fase final foi representada pelo aumento na abundância de ciliados e rotíferos. Em todos os tratamentos, os nematódeos não foram encontrados nas amostras finais, em nenhuma das três fases de cultivo, sugerindo que estes organismos foram efetivamente predados pelos camarões. Este estudo indicou que ciliados, rotíferos e nematódeos, desempenham importante papel como alimento vivo em larviculturas, principalmente pelo seu tamanho reduzido, valor nutricional e atratividade exercida sobre as pós-larvas.
INTRODUCTION
In the Biofloc-Technology (BFT), with zero waterexchange, macroaggregates or "bioflocs" are formed during the shrimp production cycle with the objectives of reducing wastewater discharge and environmental impact caused by the input of dissolved nutrient.
The microbial flocs are comprised primarily by bacteria, cyanobacteria, algae, protozoans, small metazoans, invertebrates larval forms, feces and dead organisms remains, which could serve as complementary food to shrimps. Some of these microorganisms (heterotrophic bacteria) are able to assimilate the nitrogen compounds from the shrimp excretion and food decomposition, improving water quality (McIntosh et al. 2000 , Decamp et al. 2002 , Burford et al. 2003 , Wasielesky et al. 2006a , Wasielesky et al. 2006b ).
The species composition of the natural microbial community, influences the biochemical composition of the floc and therefore, its nutritional value and possibly, palatability to shrimp. Protozoan like flagellates and ciliates contain sterols in their chemical composition, and a large portion of these sterols is converted to cholesterol or other lipid forms. Moreover, dry matter of eukaryotic organisms is composed of 50% protein, 10% lipids, 3 -4% of RNA and DNA. Similarly, nematodes biochemical analysis indicated high levels of protein and fat (Biedenbach et al. 1989 ) but these levels are significantly dependent on the environment where the nematodes are cultured.
Thus, the addition of cultured microorganism in BFT, especially ciliates and nematodes could increase the protein and lipid availability, improving the cultured organisms growth (Phillips 1984; Stolp 1988 , Biedenbach et al. 1989 , Decamp et al. 2002 This study aims to determine the use of ciliates, produced by the PNCM, as live food to enrich the BFT system.
MATERIAL AND METHODS
The study was carried out in the facilities of the 
Experimental design
Sixteen 5-L plastic containers with 4 liters of final volume were divided into four treatments as follow: a) with only biofloc (BFT treatment); b) 10 mL of PNCM culture added to biofloc medium (BFT 10 treatment); c) 100 mL of PNCM culture added to biofloc medium (BFT 100 treatment) and d) 1000 mL of PNCM culture added to biofloc medium (BFT 1000 treatment).
The biofloc used in the experiment was originated from a tank production of juvenile Litopenaeus. vannamei at Marine Aquaculture Station -EMA. During the study the containers remained in a water-table with controlled temperature (28 °C) and constant aeration. Every container received 50 L. vannamei post-larvae (PL25) (0.006 ± 0.003 g) per liter.
The PLs used in this study were obtained at Aquaculture Marine Station hatchery and their survival rate was estimated by counting the PLs at the beginning and the end of study period.
Maintenance of the experimental units
Water in the tanks was renewed every 48 hours (renewal cycle) by siphoning of almost 90% of total volume. The original volume was replaced by the addition of water with bioflocs from production tanks located at EMA/FURG. The same amount of preestablished PNCM was added in every container.
Analysis of microorganisms
The microorganisms were analyzed at the beginning, intermediate and final phases of the experiment. Water samples were collected twice in each phase. For this, after each renewal cycle, 30-mL water samples were taken from containers for quantification of flagellates, ciliates, rotifers and nematodes (initial period sample). Same procedure was repeated 48 hours after water renewal. Differences of microorganism abundance in both sampling periods All samples were preserved in 2% Lugol's iodine solution (v:v) and stored in ambar glass flasks (50 mL) for posterior analysis of the microorganism community. Aliquots of 2.1 mL from every sample were analyzed in sedimentation chambers (Throndsen 1978) . The quantification was performed using an inverted microscope Axiovert 135 (ZEISS) at 100X, 200X and 400X magnifications (Utermöhl 1958) .
Physicochemical parameters
An YSI mod. 556 sensor was used for daily measurements of water temperature, salinity, pH and dissolved oxygen. The suspended solids and total ammonia (TAN) concentration were determined at the end of each phase (initial, intermediate and final). For this, Imhoff's cone was used to determine the volume of suspended matter accumulated on the bottom of the cone 15 min after sampling (Avnimelech 2007 ).
The TAN was determined following the method proposed by UNESCO (1983) .
Feed supply
In all treatments the initial feed supply (GuabiActive 38% PB) was equivalent to 50% of the shrimp biomass (0.6 g day -1
). From the fourth day of the experiment period the amount of feed had to be daily 
Statistical analysis
A one-way analysis of variance (ANOVA) was applied to differentiate the survival rate, final weight of shrimps, the dissolved oxygen, the ammonia-TAN concentration and the initial and final abundance of microorganisms. Significant differences at (p<0.05)
were determined using the Tukey's test (Zar 1999) .
RESULTS

Zootechnical Indexes
Survival rates and final weights of the shrimps are presented in Table 1 . The shrimps had better survival rates in the BFT 100 and BFT 1000 than in the control (BFT). The final weight of PL in the BFT 10 indicated a higher weight increment than observed in the other treatments. 
Water Quality Parameters
As showed in table 2, there were much higher DO concentrations in the BFT and BFT 10, which were significantly different from the other treatments, as well as there also were higher ammonia -TAN values in those treatments. Apart from this, there were no significant differences among the treatments for temperature, salinity, pH and suspended matter during all the experiment period (Table 2) 
Analysis of microorganisms
The abundances of flagellates, ciliates, rotifers and nematodes in the initial phase (February 7 th ) are shown in the Figure 01 . In this period of the experiment there was a significant increase of flagellates in most treatments, except in the BFT 100 (Fig. 01B) . Overall, there was a decrease in the concentration of larger organisms such as rotifers and nematodes, mainly in the BFT 100 and BFT 1000 treatments, respectively ( Fig. 01F and 01H ). (Fig. 02B) , as well as a significant decrease in the population of ciliates in BFT 100 and BFT 100 treatments (Fig. 02D) . Likewise observed for the initial phase, there were a few rotifers left (Fig. 02F ) and the nematodes were absent at the end of that intermediate phase (note the lack of the picture for this). By contrast, the final period (February 27 th ) was represented by the increase in the abundance of the ciliates in BFT 10 and BFT 1000, the rotifers abundance increased in most treatments, except in the BFT treatment (Fig. 03F) . Despite the presence in the BFT 1000, nematodes were absent at the end of the period of that final phase. There was an increase in the number of flagellates at the end of this final period only in the BFT 10 (Fig. 03B) . Atlântica 
Shrimp gut content analysis
Ciliates and rotifers were seen in the shrimp gut contents mainly in the initial and intermediate phases of culture, indicating that the shrimp grazed preferentially on these microorganisms especially in the early stages of life. Flagellates and nematodes fragments were not seen at any stage.
DISCUSSION
The Zooplankton Promoter -ZP was developed These microorganisms are important source of lipids, proteins and vitamins to aquatic cultured organisms (Abreu et al. 1988; Biedenbach et al. 1989; Moriarty 1997; Stoecker & Capuzzo 1990; Zhukova & Kharlamenko 1999; Thompson et al. 2001; Decamp et al. 2002; Horowitz & Horowitz 2002 (Furuya 2001 , Ribeiro 2001a . It is interesting to note that in the final phase of the experiment, when shrimps were bigger, ciliates increased in number 48 hours after their addition, indicating that shrimp were ingesting preys of bigger sizes, like nematodes. The nematode population, on the other hand, was virtually decimated in all phases of the culture, suggesting a possible predation pressure of PL upon the metazoan organisms, probably due to the larger size of the organisms, which makes them more attractive to predators, also reported by Biedenbach et al. (1989) . Biochemical analyses performed on nematodes have showed certain levels of protein, fat and carbohydrates, respectively, 48.3%, 17.3% and 31.3% in dry weight, but these levels are significantly dependent on the environment where the nematodes are cultured (Biedenbach et al. 1989; Focken et al. 2006) , thus those organisms can serve as important nutritional feed items in the Aquaculture. Although there were no significant differences of microorganisms abundances among treatments, it is likely that the huge numbers of the microorganisms in the BFT 100 and BFT 1000 treatments may have contributed to the lower DO levels, due to supposedly increased microbial respiration rates (Moriarty 1987) .
Some studies indicate that the dissolved oxygen is the most limiting factor for the growth of penaeid shrimp, and show that decreasing DO levels in the tanks can inhibit their growth and consequently reduce ecdysis (Clark 1986 ). The oxygen consumption is an important part of the bioenergetic balance of shrimp, because it reflects the energy that is directed to metabolic work.
Although it does not act directly on the growth or feed digestibility, it may limit the food consumption and shrimp growth rates (Lucas 1993; Rosas et al. 1998 ).
In contrast, culture environments with low dissolved oxygen levels have been resulted in lower weight of shrimp at the harvest (Rosas et al. 1998; Vinatea 1997; Ribeiro 2001b , Li et al. 2006 . However, we believe that the lower final body weight of shrimp in the BFT 100 and BFT 1000 treatments was due to the lack of commercial feed in these treatments where survival rate was higher.
The results of this study indicate that protozoan, nematodes and rotifers produced massively in the Protozoan and Nematodes Culture Medium can be an effective source of live food for cultures shrimp. However, further studies must be conducted in order to improve the survival of shrimp reared at high densities using the PNCM.
